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Future spacccrafls arc (icstincd to bc mom autonomous, chcapcr to develop and to
operate. As pari of the spacccraf~ progratrl  end-to-end bud~ct,  mission operations have
traditionally been a noticcab]c  line itcm, particularly for lo][g-duration  p]anctary  missions.

“1’his paper addresses mission opcri~tion” challcng,cs  and solutions in tllc area of Atlitudc
and Articulation Control Subsyskm  (AACS), which could lead to a mom co.st-cffcctivc
spacecraft systcm  as a w11oIc.  in particular, a subclass of autonomous spacccrafLs is addrcs.scd
here - tbosc spaccct-afis  that have low bit rates. 1.OW bit rate can refer to continual bit rates that
arc as low as 10 bits pcr second (bps); an(i it can also refer to periodic covcragc/blackout, lc,ading
to low averages in bps for ]atgc data packets.
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Challenges in low bps AACS mission operations include:
Real-time monitoring,,  when on-board actions and rc.actions occur at faster rates than the
sampling of observable sta[cs, which come ill the fm m of dowlllir]kc(l tclcmctry;
Reconstruction of spacecraft state.s from lit nitcd tclcmctry:
(a) Rcconstructim  in terms of i]~(crpolating  time. gaps in observable s[atcs, where the gaps
result from low bit rates;
(b) RCCOIWrU~’#NI  in term of cxj)t]:tlJol:itil]g  from known observable states to derive
unobservable st, tcs, which arc not downlinticd,  or rarely downli[lkcd;
Matching predictions from ground simulation to act~lal  spacecraft pcrformancc, under
different dcgrccs of visibility; and
Decision making and commanding under lin~itcd visibility.
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Solutions to meet these challenges incluclc:
Man-machine inlcrFacc  techniques to real-lime monitoring, as designed into information
rcstructuritlg, reproduction, an(i (iisplays in the groutici systcn]s;
Analysis tools and software scripts calling a host of tools/utilities/progran]s, which arc easily
adaptable to cater to a varic[y of real-time ilt)d off-rl.al-titnc  analysis situations;
Models and analytical solutions to rcconstl uct space.craft states, by forward and backward
(time) prfjcctions,  interpolations and (>xtlal~[)l:itiolls;
lnformat]on filtering, models to colnparc spacecraft i nforma[ion prcscnlcd  at different
sampling rates and time spans;
llffcctivc  man-machine interface. tools for iteration and intcractio]l,  where metrics arc
computed on-line for performance evaluation;
Radical chantzcs in the cn(i-to-cnd inforlnation  collection and disscli]ination  systcm, aka \/

tclcmctry sys~cm on!~oard  the spacecraft, and likcu’isc  in ground systems. - /
llxamplcs arc drawn froi~i design an(i flig,ht  cxpcrimcc  of Maw Obsmvcr, Gali]co  and Cassini.
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